Purpose: To evaluate the histological appearances of the epithelial cells and the clinical effect of the hard palate mucous membrane (HPM) graft for the treatment of lower eyelid retraction (LER). Methods: This was a follow-up study involving 15 patients, with a total of 16 eyes operated. Five patients had LER as a result of Graves' ophthalmopathy and/or inferior rectus recession, six patients because of wearing an eye prosthesis, two patients because of previous tumour excision, one patient because of proptosis due to sphenoid wing meningioma and one patient because of previous lower eyelid blepharoplasty. Three imprint biopsies were taken from each patient, one from the tarsal conjunctiva in the healthy eye, one from the graft in the operated eye and one from unoperated hard palate. The inferior scleral show was measured on pre-and postoperative photographs and related to the horizontal corneal diameter. Results: Median follow-up time was 21.2 [range 4.5-87.9] months. Imprints from the graft and the hard palate showed equally large epithelial cells; imprints from conjunctiva showed small epithelial cells. The mean (AESD) scleral show was 0.12 AE 0.09 cornea diameter before surgery and 0.0003 AE 0.08 cornea diameter at invited follow-up (p < 0.001, paired t-test). Corrected for direction of gaze, the mean improvement in scleral show was 0.12 AE 0.08 cornea diameter. Thirteen of 14 patients were satisfied with the final result. Conclusion: A HPM graft for LER maintains its native epithelial morphology and gives a lasting improvement in most patients.
Introduction
Lower eyelid retraction (LER) occurs in Graves' ophthalmopathy, with wearing of an eye prosthesis, after failed lower eyelid blepharoplasty and after tumour surgery (Gladstone 1998; Pak & Puuterman 2005; Patel et al. 2005; Kim et al. 2008 ). The technique of using a hard palate mucous membrane (HPM) graft to correct LER was first described for oculoplastic use in 1985 (Siegel 1985) . Later, several authors have described the use of HPM for the management of eyelid retraction (Wearne et al. 2001; Pang et al. 2004; Oestreicher et al. 2008) , cicatricial entropion (Cohen & Shorr 1992 ) and relining of sockets (Yoshimura et al. 1995) . Some of the reasons for the popular use of HPM grafts for surgical correction of LER are that it has a suitable tensile strength, the ease of obtaining sufficient graft material, its flexible consistency (Patel et al. 1997; Wearne et al. 2001; Pang et al. 2004; Oestreicher et al. 2008; Miyamoto et al. 2009 ) and the low degree of shrinkage compared to, for example, allografts (Patel et al. 1997; Sullivan & Dailey 2003) . There are other ways of surgically extending the posterior lamella of the lower eyelid. Some of these use the acellular porcine dermis, tarsoconjunctiva, porous polyethylene, ear cartilage, nasal cartilage or sclera (Oestreicher et al. 2008) . We wanted to evaluate the histological appearances of the epithelial cells covering the HPM graft in the lower eyelid after treatment of LER. This we chose to do with imprint biopsy technique. Imprint biopsies were first introduced in ophthalmology as a surface biopsy, by Egbert et al. (1977) . By making an imprint biopsy, one can easily and non-invasively obtain a representative harvest of surface cells from the area of interest. Of what we are aware, no other article has described the histological appearances of the epithelial cells covering the HPM graft month and years after the operation. Few papers describing the use of HPM graft for LER have included objective measurementssuch as measuring the postoperative reduction in LER. Follow-up studies involving objective measurements on improvement in LER have found different values for mean degree of improvement: Oestreicher et al. (2008) reported 0.9 mm, McAlister & Oestreicher (2012) 1.63 mm, Patel et al. (1997) 1.8 mm, Wearne et al. (2001) 2.3 mm and Patel et al. (2005) 2.5 mm with a mean follow-up period of between 13 and 17 months.
Imprint biopsies of the epithelium covering the grafts were obtained at the invited follow-up, to examine whether the HPM epithelium (keratinized stratified squamous epithelium without goblet cells) had changed in histological appearance after transplantation to conjunctival epithelium (non-keratinized, stratified squamous epithelium with goblet cells).
Furthermore, measurements of scleral show (ss) after a median follow-up time of 21.2 months were carried out, and patients were interviewed about their satisfaction.
Patients and Methods
We invited all patients who had undergone surgery for treatment of LER at Rigshospitalet, using an HPM graft in the years 2007-2014, to have an imprint biopsy taken, and to participate in a follow-up examination. The study was approved by the local ethics committee and adhered to the principles of the Declaration of Helsinki. Eighteen patients were invited, but three patients did not want to-or could not-come to the invited follow-up. Thus, 15 patients were included (16 eyelids) and their medical records were retrospectively reviewed. All patients gave their informed consent over the telephone and again at the invited follow-up visit. The aetiology of LER in this study fell into five groups: five patients had Graves' ophthalmopathy and/or inferior rectus recession, six wore an eye prosthesis, two had had tumour excision, one had meningioma and exophthalmos, and one patient had had lower eyelid blepharoplasty. There were 11 female patients and four male patients. We used digital photographs taken just before surgery and at the invited follow-up. The preoperative photograph of one patient (patient no. 2) was of poor quality, so we chose to use a photograph taken 5 months before surgery.
Surgical technique
All procedures were carried out under general anaesthesia with intubation. Firstly, a piece of HPM was harvested from the hard palate just lateral to the raphe palati, approximately 15 mm long and approximately twice as wide as the eyelid retraction. The use of a bevel-up knife facilitated the harvesting. Secondly, a suture was placed at the margin of the lower eyelid where there was most lid retraction, and the lid was everted over a Desmarre's eyelid retractor. Then, a cut was made with a no. 15 blade, just inferior to the tarsal plate, from the punctum to the lateral cantus. The lower eyelid retractor was released from the tarsal plate and skin, and left to retract. The graft was sutured to the edge of the tarsal plate and to the edge of the conjunctiva. In some patients, the procedure was combined with a lateral tarsal strip procedure (patients 2, 7, 8, 9) and in some a lateral tarsal strip was carried out as a second procedure (patients 1 and 15). The wound in the hard palate was left to granulate without a dental plastic conformer.
Imprints
The procedure was largely performed as described by Egbert et al. (1977) . Briefly, imprint biopsies were made by firmly pressing a piece of imprint paper (Millipore 0.025-lm membrane filter type VS 47, approximately 4 9 4 mm) against the epithelium for 10 seconds. It was dried naturally, PAS-stained and transferred to a microscope slide. In this study, imprint biopsies were made from the patients' hard palate and from their conjunctiva in both eyes. The conjunctival imprints were taken from the grafted area of the operated eye and from the normal tarsal conjunctiva of the unoperated eye.
Scleral show measurements
Scleral show measurements were carried out on patients not having an eye prosthesis. The ss and corneal diameter (cd) of both eyes were measured twice with the software AUTOCAD 2015 (Autodesk, San Rafael, CA, USA), using photographs taken before the operation and at the invited follow-up (Fig. 1) . The mean value was used. The ss was divided by the cd measured and was expressed as cd, in the same way as retinal distances can be expressed in disc diameters. The effect Fig. 1 . The inferior scleral show was measured at the 6 o'clock position and related to the corneal diameter, which was calculated from a circle fitted to the cornea in each patient. of the operation on the ss was corrected for head positioning, facial expression and LER caused by ageing, using the difference in the measurement from the unoperated eye as a guide.
Follow-up questionnaire
At the invited follow-up, all patients were asked whether they were satisfied with their result after the operation. 
Results

Median
Imprints
Imprints were taken in 14 of our 15 patients. The epithelium covering the hard palate contained larger cells than the conjunctiva, up to 150 lm in diameter. In the epithelium covering the normal tarsal conjunctiva of the lower eyelids, the diameter of the largest epithelial cell found was 50 lm. Using 50 lm as our cut-off point for normal cell size in the conjunctiva, we could differentiate the epithelial cells from the two sources by size. See Fig. 2A-C .
Imprint findings are listed in Table 1 . Five of the seven imprints with abundant mucin were seen in the operated eye only, and two cases were seen bilaterally. Granulocytes and excessive mucin production were seen together in the same eye in four of the seven cases.
Scleral show measurements
The mean ss (AESD) was 0.12 AE 0.09 cd before surgery and 0.0003 AE 0.08 cd at the invited follow-up (p < 0.001, paired t-test). The difference between the first and second measurement of ss on the same photograph ranged between 0.1% and 13.5%. Mean AE SD reduction in ss, after correction using the unoperated eye as a guide, was 0.12 AE 0.08 cd.
Details of the patients included and their preoperative and postoperative ss are given in Table 2 .
Follow-up questionnaire
Thirteen of 14 patients were satisfied with the final result. Patient 2 was not satisfied because of lack of improvement in symptoms, which was a foreign body sensation. Of note is that her scleral show decreased from 0.24 to 0.07 cd.
Discussion
Imprints
The imprint technique gives a representative harvest of cells from the epithelium covering the area where it is used. This limits us from looking for deeper cell transformations. However, epithelial cells from normal conjunctiva are much smaller than epithelial cells from normal hard palate, and all our imprints from HPM-transplanted conjunctiva still contain cells with the native appearance of the hard palate epithelium over the graft, which tells us that the HPM graft does not adapt and Invited follow-up (Dexter-Sinister)
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16 -6/6 6/9* 10 11 -0.20 -6/4.5 6/6* 11 12 F G À0.05 0.03 0.08 6/6-6/18 6/4.5-6/4.5* 12 13 F B À0.11 0.00 0.11 6/9-6/9 6/9*-6/9 13 14 F G À0.03 0.09 0.12 6/18-6/6 6/12*-6/9 14 15 F G 0.04 0.33 0.29 6/9-6/6 6/60 † -6/9 replace its epithelium with conjunctival epithelium. The presence of granulocytes in seven of the 15 imprints taken from the HPMtransplanted conjunctiva and in only one of 13 imprints from normal conjunctiva could be a sign of chronic conjunctivitis in the transplanted eyes. Of note is that five of the seven transplanted eyes with granulocytes had prostheses, which usually causes some secretion. Of the 15 imprints from HPM-transplanted conjunctiva, three showed only granulocytes (two of these were from prosthesis eyes), four showed granulocytes and abundant mucin (three of these were from prosthesis eyes), and three showed abundant mucin only. In all, 10 of the 15 imprints (66%) had some sign of infection or irritation but none of the patients subjectively reported excessive amounts of pus or reported any other eye symptoms under the category 'other' that could be a sign of irritation of the eyes.
Scleral show measurements
The mean improvement in ss in our study was 0.12 cd. R€ ufer et al. (2005) found an average corneal diameter of 11.71 AE 0.42 mm. Bosch et al. (1999) found the horizontal corneal diameter to be 11.8 mm for women and 11.9 mm for men. Assuming a corneal diameter of 12 mm, the mean effect of the operation on our patients corresponds to a mean AE SD improvement in ss of 1.5 AE 1.0 mm, which is in accordance with earlier studies (Patel et al. 1997 (Patel et al. , 2005 Wearne et al. 2001; Oestreicher et al. 2008; McAlister & Oestreicher 2012) . In some patients, we may have underestimated the effect of the operation, because we measured the ss at 6 o'clock and not where it is largest, which is usually more lateral. However, our measurement technique gave reproducible measurements. All measurements on each photograph were carried out twice, and the mean was used. The difference between the two measurements was <13.5% in all patients.
Important factors that affect the position of the eyelid-and our measurements-are gaze direction, head position, facial expression and ageing, which are all factors that can be corrected for using the unoperated eye as a guide (see Table 2 ). Patient 10 was operated bilaterally, which is why she was excluded from this correction.
Conclusion
We conclude that the transplanted HPM graft retains its epithelial cell morphology, and that a HPM graft for LER results in a lasting improvement in most patients, with a corrected improvement in ss of 0.12 AE 0.08 cd.
